Caspase-3 is Involved in Aluminum-Induced Impairment of Long-Term Potentiation in Rats Through the Akt/GSK-3β Pathway.
A number of studies have indicated that aluminum (Al) exposure can impair learning and memory function. The ability of Al to inhibit hippocampal long-term potentiation (LTP) suggests the possibility of Al impairing synaptic plasticity. LTP is dependent on the externalization of alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid receptors (AMPAR). The protein kinase B (Akt) and glycogen synthase kinase-3β (GSK-3β) signaling pathway has been demonstrated to mediate AMPAR delivery. A mechanism by which caspase-3 cleaves Akt is involved in synaptic plasticity, but the underlying molecular mechanism involved has still not been elucidated. The purpose of this study was to investigate the mechanism of LTP impairment and the related signaling pathway disturbance induced by Al exposure. Our results reveal that Al treatment produces a dose-dependent suppression of LTP and decreases in the AMPAR subunits GluR1 and GluR2, in both membrane and total cell extracts. Al caused increased accumulation of active caspase-3 and a gradual decrease in Akt and pGSK-3β. Interestingly, Al depressed LTP and AMPAR protein concentration. N-benzyloxycarbonyl-Asp(OMe)-Glu(OMe)-Val-Asp(OMe)-fluoromethyl ketone (a caspase-3 inhibitor) reversed the Al-induced LTP inhibition, increased levels of active caspase-3, and decreased AMPAR levels in both total and membrane-enriched extracts. It also decreased Akt and pGSK-3β. The molecular mechanism of Al-induced LTP impairment might be related to the activation of caspase-3, cleavage of Akt, activation of GSK-3β, and inhibition of the externalization of AMPAR.